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CUTANEOUS NERVES: DEMONSTRATION BY INDIRECT
IMMTJNOFLTJORESCENCE*
R. D. WILKINSON, M.D., F.R.C.P.(C). AND H. UEDA, M.D.
We wish to report our initial efforts at the
indirect immunofluorescence microscopy of cuta-
neous nerves. Waksman (1) observed that it
was possible to stimulate the rabbit to form
antibodies to peripheral nerves, and induce ex-
perimental allergic peripheral neuritis. With
serum prepared in this way, we hoped to study
the antigenic anatomy of the cutaneous system.
MATERIALS AND METHODS
Antigens. Fresh bovine sciatic nerves were
washed in saline, frozen and homogenized in Vir-
tis homogenizer with an equal volume of 0.005 M
phosphate buffer pH 7.0. With an extraction pro-
cedure suggested by Moore (2) similar nerve root
homogenates were centrifuged at 100,000g at 40 C
for one hour, the residues washed with buffer and
frozen. The milky supernatants were cleared by
glass fiber filtration and exposed to cold saturated
ammonium sulfate over-night. The sulfate soluble
and insoluble fractions were desalted by dialysis
and frozen.
Immunization. Canadian jack rabbits received
injections of these antigens as described in Table
I. The animals were bled at 20, 40 and 60 days
after each injection. Three weeks after the third
injection, the animal immunized with nerve root
residue became sick, ataxic, incontinent, hyper-
reactive to touch and died in the fifth week. This
syndrome was compatible with experimental aller-
gic peripheral neuritis (1).
Antisera. Antinerve gammaglobulin was purified
by ammonium sulfate precipitation followed by
Sephadex G-200 (4) and DEAE cellulose chroma-
tography (5). Purity was ascertained by immuno-
electrophoresis (6). Antisera were absorbed with
bovine albumin and gammaglobulin in slight ex-
cess. The sera were then reabsorbed with monkey
skin powder (7).
Tissues. Bovine, rhesus monkey and human
nerve, skin and mucous membrane were obtained
postmortem and quick-frozen for frozen sections.
Some tissues were processed from paraffin blocks
as described by Ste. Marie (8).
Staining procedure. Frozen sections cut at 6
microns and fixed in 95% ethanol, were incubated
with antinerve gammaglobulin for 50 minutes,
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washed and counter-reacted with fluorescein-conju-
gated goat anti-rabbit globulin, rewashed and
mounted (9). Sections were examined by fluores..
cence microscopy with HBO 200 light source and
Zeiss optics.
RESULTS
After first and second immunizations, sera
gave low titer precipitin reactions in agar gel,
and poor fluorescence of bovine and human
sciatic nerve.
By contrast, second re-immunization by nerve
root fractions induced sera which permitted
fluorescence of bovine, monkey and human
peripheral nerve structures. The group which
received nerve root material soluble in saturated
ammonium sulfate failed to show a rise in anti-
nerve titers, or give satisfactory fluorescence.
The saturated ammonium sulfate insoluble frac-
tion of nerve root extract induced highest pre-
cipitin titers and tissue fluorescence. With this
antiserum the following observations on tissue
fluorescence by the indirect Coons technique
were notable.
Sections of sciatic nerves showed fluorescence
mainly in the axon region (Figs. 1, 2). Control
sections prepared with antiserum incubated with
sciatic nerve homogenate failed to fluoresce.
Bright fluorescence was seen in axons of cuta-
TABLE I
Immunization schedule
0.1 Ml injected into each foot pad of Canadian
jack rabbits.
Day Material Fund's
1 1st Bovine sciatic nerve ho- Incomplete
100 2nd
mogenate
Bovine sciatic nerve ho- Incomplete
180 3rd
mogenate
a) Bovine nerve root:
salt soluble extract
b) Bovine nerve root:
salt insoluble cx-
Complete
Complete
tract
c) Bovine nerve root:
insoluble residue Complete
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Fm. 1. Seiatie nerve of rhesus monkey in cross section, stained by indirect immunofluores-
cence with rabbit antiserum to a fraction of bovine nerve root extract insoluble in saturated
ammonium sulfate, and eounterstained with FITC conjugated goat antirabbit gamma-
globulin; >< 125.
Fm. 2. Human seiatie nerve in longitudinal section; bright axoplasma, dim myelin sheath;
indirect immunofluoreseenee; >< 125.
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FIGS. 3 and 4. Monkey dermal nerve trunk in cross section, brilliant axoplasma, dim my-
elm sheath; perineurium and nuclei non-fluorescent; indirect immunofluorescence and hema-
toxylin-eosin stains respectively; X 300.
neous nerves (Figs. 3, 4). The myelin sheaths
and epineurium showed little fluorescence. The
dermal nerve network was visualized suffi-
ciently to permit distinction of some of the
nerve fiber detail (Fig. 5), hut a comprehensive
glimpse of the system was hampered by the
thinness of the sections.
Vater-Pacini corpuscles of monkey finger tip
were characterized by moderate brilliance of the
central fibers and some fluorescence of the multi-
layered bulbs (Figs. 6, 7). The fiber-like coils
of the monkey finger Meissner's corpuscles
fluoresced dimly (Fig. 8). Intra-epidermal,
hederiform and autonomic innervation of vessels
and cccrinc glands were not visualized.
Central white and grey matter of monkey
brain did not fluoresce.
A comparison of the fluorescence activity of
anti-nerve serum obtained from clinically nor-
mal animals and animals exhibiting an ex-
perimental allergic peripheral neuritis failed to
show qualitative differences.
DISCUSSION
Antigenie tissue extracts may be used for
immunization to obtain multivalent antisera of
high titer, but if cytologic specificity is to be
realized, reactivity of the antisera must be
rendered monovalent by some process such as
absorption. Sciatic nerve and root tissue pro-
vided suitable antigens. Absorption with mon-
key skin powder reduced the residual non-
specificity of the antiserum without serious
reduction in nerve fluorescence.
The antisera were found to be reactive with
peripheral but not central nervous tissue. Sher-
win (10) has also suggested that central nerve
tissue might differ immunologically from periph-
eral. Nerve roots appear to be antigenically
part of peripheral nervous system, and share
many antigens with the more distal skin com-
ponents.
Reports (2, 3) indicate that the enumeration
and isolation of nervous tissue antigens is being
accomplished. When these become available it
should be possible to characterize their distribu-
tion in the complex peripheral nervous system
and gain new insight into the origin and struc-
ture of this system.
Efforts are being made to prepare antinerve
sera by less complex immunization schedules and
better coordinate immunofluorescence with
standard histochemical techniques.
SUMMARY
Antincrve gammaglobulin was prepared by
repeated injections of rabbits with bovine pe-
ripheral nerve and nerve root tissue emulsified
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FIc. 5. Intersection of dermal nerve trunks, monkey lip, longitudinal section; indirect
immunofluorescence; X 300.
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Fies. 6 and 7. Pacinian corpuscle of monkey finger tip; central fiber brilliant, multi-
layered capsule and adjacent nerve fibers less intense; arrows indicate artifacts; indirect
immunofluorescence and hematoxylin-eosin respectively; X 125.
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Rio. 8. Meissner's corpuscle. dermal papilla of the monkey finger tip; the nerve trunk
brightly fluoresced, the corpuscle dimly seen; autofluorescence of the stratum corneum; in-
direct immunofluorescence; X 109.
in Freund's adjuvnnt. Several components of
human and monkey peripheral nervous system
were specifically reactive with this serum as
demonstrated by indirect immunofluorescence.
REFERENCES
1. Waksman, B. and Adams, H. D.: Allergic
neuritis; an experimental disease of rabbits
induced by the injection of peripheral nerv-
ous tissue and adjuvants. J. Exp. Med., 102:
213, 1956.2. Moore, B. W. and McGregor, D.: Chromato-
graphic and electrophoretic fractionation of
soluble proteins of brain and liver. J. Biol.
Cbcm., 240: 1647, 1965.
3. Moore, B. W.: A soluble protein characteristic
of the nervous system. Biochem. Biophys.
Res. Commun., 19: 739, 1965.
4. Relotte, B., Flodin, P. and Killander, J.: Frac-
tionation of human plasma by gel filtration
and zone electrophoresis or ion exchange
chromatography. Arch. Biochem. Biophys.
Supp. 1, p. 319, New York, Academic Press,
1962.
5. Adams, E. C., Yoder, J. M. and Free, A. H.:
Column chromatography of the serum pro-
teins. p. 148 in Serum Proteins and the
Dysproteinemias. Ed. by Sunderman, F. W.
and Sunderman, F. W. Jr., Philadelphia,
J. B. Lippincott, 1964.
6. Terry, W. D. and Fahey, J. L.: Principles of
immunoclectrophoresis and application to
the evaluation of serum gammaglobuhns. p.
182, Serum Proteins and the Dysprotein-
emias. Ed. by Sunderman, F. W. and Sunder-
man, F. W. Jr., Philadelphia, J. B. Lippin-
cott, 1964.
7. Hamashima, Y. and Kyogoku, M.: Immuno-
histology, p. 77, Tokyo, Igaku Shoin, 1965.
8. Sainte-Marie, G.: A paraffin embedding tech-
nique for studies employing immunofluores-
cence. J. Histochem. Cytochem., 10: 250,
1962.
9. Beutner, E. H. and Jordan, H. 113.: The demon-
stration of skin antibodies in sera of pem-
phigus vulgaris patients by indirect immuno-
fluorescent staining. Proc. Soc. Exp. Biol.
Med., 117: 505, 1964.
10. Sherwin, A. L. and Laviolette, H.: An immuno-
logical comparison of central and peripheral
nervous tissues. Tnt. Arch. Allcrg., 51: 152,
1967.
